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A method of preparing an olmonuclc\>iK!c hound lo a support, such ptirous jtljv>. or (.'Ijsv hcjJs. involves attaching: a nu- 
cleoside .' -reagent through the phosphate group h\ a covaleni phosphodiestcr link to aliphatic h\dro\\l groups carried h\ the 
suppon. The oligonucleotide is then vsnihcsiscd on the supported nucleoside, and protecting groups removed from the ssnihciic 
oligonucleotide chain under standard condiiions •.^hlC^ do not cleave the ulignnuclriMide from the •.upp'>n Suitable reagent- i"- 
I elude nucleoside phosphoramidne and nutieoviiie hvdrogen phosphonate 
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SUPPORT-BOUND OLIGONUCLEOTIDES 

There are several potential applications for 
. oligonucleotides bound to solid supports. They could 
5 be used to test for the presence. of mutations in 

complex DNAs - for example for disease loci in Humans. 
They could be used to select specific nucleic acids 
from the complex mixtures; for example specific mRNAs 
from a whole cell population. They will be useful in 

■10 the invention described in International Application 
PCT/GB89/00460 filed 2 May 1989. 

Several papers describe met.iods for attaching 
nucleic acids to solid matrices (1-6). These methods 
suffer from two problems: they require complex and 
often inefficient steps; the nucleotide is linked 
through the b^ses as well as the ends. Linkage through 
the bases interferes with subsequent use of the bound 
polynucleotide in hybridisation reactions. 

Methods for synthesising oligonucleotides on solid 
supports are well established (7-14). The linkage 
between the oligonucleotide and the support is labile 
to the the final reagent used to remove blocking groups 
in the bases, and so this step in the process also 
removes the oligonucleotide from the solid support. 
Oligonucleotides would remain tethered to the support 
if a stable, link were used. Sproat and Brown. (1985) 
have shown that a uretha.ie 1 i nk is more stable than the 
usual succinate link, however, it requires a complex 
synthesis, and is not completely stable to the final 
deprotection step. 

Croa and Horn (1980) used a ribonucleotide, linked 
through the 5 ' - hy d roxy 1 group to cellulose, to initiate 
oligonucleotide synthesis. The link between the first 
and second residues of the resulting cnain is labile to 

. ^ t h 0 final c e p r o i e c 1 1 o n step. 
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ATold and Berg (1 985) describe a polymeric 
support with a covalently bonded primer for oligo- 
nucleotide synthesis, wherein the primer is cleaved by 
selective oxidation without oxidizing other bonds of 
5 the oligonucleotide. 

It is an object of this invention to provide a new 
link which is easy to synthesise and completely stable 
to standard deprotection steps. 

In one aspect the invention provides a method of 
10 making a derivatised support suitable for oligo- 
nucleotide synthesis, which method comprises attaching 
a nucleoside reagent to a support carrying hydroxyl 
groups by a covalent -phosphod i ester link which is 
stable to conditions used for, removing protective 
1=, groups from oligonucleotide chains. 

In another aspect the invention provides a method 
of preparing an oligonucleotide bound to a support by 

a) attaching a nucleoside reagent to a support, 

b) synthesising on the supported nucleoside an oligo- 
20 nucleotide chain including protecting groups, and 

c) removing the protecting groups from the oligo- 
nuc 1 eot i de .chain, 

characterised in that the support carries 
hydroxyl groups, whereby in step a) the nucleoside 
25 becomes attached to the support by a covalent 

phosphod i ester link which is stable to the conditions 
used in step c ) . 

In a further aspect the invention provides a 
derivatised support suitable for o 1 . gonuc 1 eot i de 
30 synthesis comprising a nucleoside .'inked to a support 
by means of a covalent phos-phodiester link of the 
structure -O-PY-O-, where Y is a protected or 
unprotected oxygen atom. 

In yet another aspect the invention provides a 
support-bound oligonucleotide wherein the oligc- 
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nucleoti'^.e is bound to the support through a terminal 

phosphate group by a covalent phosphodiester link of 

the structure -0-PO -0-(C H )- where n is ^ 3. 

2 n 2n 

The nature of the support is not critical to the 
5 invention. It may be massive or particulate and may 
for example be of derivatised silica gel or Kiesel.guhr- 
polydih-.ethyl-acrylamide . or control led-pore glass, or a 
plain glass surface. What is essential is that it 
carry aliphatic hydrcxyl groups, and these in a form 

10 which are accessible for reaction with a nucleoside 
reagent. These hydroxyl groups may form part of 
hydroxy alkyl groups, such as may be formed by 
derivatising contro 1 1 ed-pore class or other support 
with a long chain alkyl alcohol. Alternatively, the 

15 support may be derivatised with a long chain 

alkylamine, and the amine groups converted to hydroxyl 
groups in situ. Alternatively, the hydroxyl groups may 
be part of a polymeric structure, which . either 
constitutes the solid support or is derivatised onto c 

20 soli d support . 

The nature of the nucleoside reagent isnct 
critical to the invention. Reagents commonly used in 
GligonucTeotide synthesis may be used here. 
Preferably, the reagent is a phosphor am idite (7 and 8). 

25 The reagents and the product formed are indicated in 
the following react i on scheme . 



30 
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In thib scheme. I represents the nucleoside 
3'-phosphite reagent. 11 represents the derivatised 
support. Ill represents the covalent link initially 
formed by reaction between the two, and IV represents 
5 the final product. 

B designates the base appropriate to the 
nucleoside concerned. 

X may be a blocking group, such as a dimethoxy- 
trityl group, whose nature is not critical to the 
,Q invention; or may (particularly in IV) represent an 
0 1 i gonuc 1 eot i de cha i n . 

Y is a protected oxygen atom, generally an alkoxy 
group such a methoxy or bet a - cy anoe thoxy . 

Z may be a di-(C1 to C4 alkyl)amine. or 
,5 alternatively CI or tetrazolyl. 

R is aliphatic and may be an alkyl group. 

S represents the solid suoport. 

Alternatively, the nucleoside 3'- reagent may be a 
phosphonate or hydrogen phosphonate (12). The reagent 
2^ and the product formed are indicated in the following 
reaction scheme. 

6 - • 

0 V CD ii 

7 



30 
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In this scheme, V represents the nucleoside 
phosphonate or hydrogen phosphonate reagent, II 
represents the derivatised support,. VII represents the 
covalent link initially formed between the two, and IV 
5 represents the final product. 

B. X, R and S are as defined above 
Q is either hydrogen or an organic group that 
plays no part in the attachment and synthesis steps of 
the invention. 

10 Alternatively again, the nucleoside 3'- reagent 

may be a phos phonam i d i te having the stucture VII where 
A is alkyl and B, X and 2 ore as defined as above. In 
a preferred example, A is methyl and Z is di- 
i sopropy 1 ami ne 



25 Automat i c 0 1 i gonuc 1 eot i de synthes 1 sers are 

commercielly available. In prior techniques, it has 
been necessary to put into the synthesiser a solid 
support which has been pre-der i vat i sed with the first 
nucleotide of the proposed oligonucleotide chain. 

3Q This invention makes it possible to put into the 

synthesiser a solid support which carries .iliphatic 
hydroxyl groups (e.g. hydroxyalkyl groups). The 
nucleoside 3'- reagent is th:.-. attached to the support 
in the synthesiser as tne first nucleotide c' the 

- P r 0 D 0 s e d o I i g o n u c 1 e c 1 1 d e chain. 



15 




o 



20 



Z 
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In the dDove reaction schemes, conversion of III 
to IV or of VI to IV involves an oxidation step. This 
may be affected using e.g. iodine or sulphur under 
standard conditions, either before or more usually 
5 after oligonucleotide synthesis. 

Nucleoside 3'- reagents are more developed than are 
nucleoside 5'- reagents for solid state oligonucleotide 
synthesis. Nevertheless, nucleoside 5'-reagents are 
expected to form covalent 5 ' -phosphod iester links with 

10 solid supports carrying aliphatic hydroxyl (e.g. 

hyd roxy a 1 ky 1 ) groups, and to serve as a basis for solid 
state oligonucleotide synthesis, in exactly the same 
way as thair 3'- counterparts. This inven'^ion 
envisages the use of nucleoside 5'- reagents as 
alternatives to nucleoside 3'- reagents. 

The next step of the method involves synthesising 
on the supported nucleoside an oligonucleotide chain. 
Techniques for doing this are well known, and indeed 
automatic microprocessor-controlled machines are 

20 available to do the job. These techniques invariably 
involve the provision of protective groups to avoid 
unwanted side reactions, and a final step in the 
synthesis of any oligonucleotide involves removal of 
protect i ng. groups . It is this step that has previously 

25 resulted in so 1 ub i 1 i sat i on of the oligonucleotide. 

This step may ty p i ca 1 1 y i n vo 1 ve removal of the methyl 
group from the phosphotr i ester groups e.g. by using 
thiophenoxide; removal of protecting groups from N 
atoms of the nucleotide bases, e.g. by-means of ammonia 

30 elevated temperature; and removal of a protective 

group from the 5'-position of the last nucleotide to 
have been added to the oligonucleotide chain, e.g. by 
means of dichloro acetic acid. The described covalent 
link between tue initial nucleoside and me support .s 
stable to thpse and other conventional C'?[:rcie:uon 
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steps . 



10 



15 



20 



25 



30 



The fol lowing examples illustrate the invention. 
Example 1 

Ballotini glass beads (20g, 90-130 ^jm diam., 
Jencons), were suspended in a mixture of xylene (40ml), 
gl yc i doxypropy 1 tr imethoxys i 1 ane , and a trace of 
di isopropylethylamine at 90° C overnight with stirring, 
then washed thoroughly with methanol, ether and air- 
dried. These derivatised beads {6g) were heated with 
stirring in hexaethy leneglycol containing a catalytic 
amount of concentrated sulphuric acid, overnight in an 
atmosphere of argon, at 80°C, to yield alkyl hydroxyl 
derivatised beads. After washing with methanol and 
ether^ the beads were dried under vacuum and stored 
under argon at -20°C. 

A small amount. of the hydroxyalkyl derivatised 
beads was put into the reaction vessel of an automatic 
0 1 i gonuc 1 eot i de synches i ser (Applied Biosystems), 
programmed to synthesise the sequence of the left 
cohesive end of bacteriophage lambda. The first 
nucleotide was a 3 ' -phosphor ami d i te (I) in which Y was 
beta-cyanbethoxy and Z was d i - i sopropy 1 am i ne . This 
became covalently attached to the derivatised beads. 

Each step in the synthesis can be monitored by 
measuring the amounts of trityl group removed, in the 
spectrophotometer. By this test, the stepwise yield 
was 96-99%. Thus both yield and purity were high, and 
we calculate that the 140mg of beads holds more than 
4 nmol of the oligonucleotide. 

The product was deprotected by the standard 
treatment with hot ammonia and washed thoroughly with 
distilled water. It was then used in a hybridisation 
with the complementary oligonucleotide cosL 
wnich had been labelled at tne 5' end wiiri 32P. 

ic Img cf beacJs cerivotisea «iin the- 1 e f : enc 
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phage lambda (cosL) was added the complementary oligo- 
nucleotide, radioacti vely labelled (13.000 cpm ^ P 'in 
20 yl. 100 mM NaCl, ImM EDTA). The mixture was 

0 

incubated for 2 hours at 30 C, the radioactive solution 
5 removed and the beads washed thoroughly with ice cold 
buffer. The oligonucleotide which remained attached to 
the beads (ca. 3,000 cpm. 23%) could be quantitatively 
removed by elution with distilled water. 

A control "hybridisation" under identical 
TO conditions, with a non-complementary oligonucleotide 
showed 0.02% of non-specific binding to the beads. 

These experiments show that che synthesis is 
straightforward and that the beads can be used 
successfully in hybridisation tests. 
15 The glass beads are ideal for packing columns to 

provide an affinity matrix with many desirable 
propert i es . 

The following Table 1 summarises phyMcal 
parameters of beads derivatised by the general 
20 technique described in Example 1. 

TABLE 1 

Properties of derivatised ballctini beads 



Bead s i ze (mi crons ) 



25 surface area per be^d (mm' 
volume per be^d (mm ) 
density (g/cm ) 
mass per bead (mg) 
number of beads per (mg^ 
surface area per mg (mm.) 
oligonucleotide loading 
per mg (pmol ) 
oligonucleotide loading 
per bead ( f mo I ) 
values calculated, for 
radius (mi crons ) 



90 - 130 


3 - 6 


0,045 
9x10 


0.0001 1 
1 . Ixio' 


2.5 


2.5 


0.0023 


2 .8x10" 
6 

3.5x10 


4 35 


19.5 


385 


"BO 


^80 


18-5 


0 . 02 ■ 



60 
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Example 2 

Two glass plates were clamped together with a 
narrow gap between them, Der i vat i s a t i on was effected 
by means of the same reagentj, which were injected into 
5 the narrow gap, and under the same cond"itions as 
Example 1. 

Oligonucleotide synthesis was performed by hand 
under standard conditions using the derivatised glass 
plate as a solid support. The first nucleotide was a 
10 3'- hydrogen phosphate, used in the form of the . 

tr i ethy 1 ammon i urn salt. The yield and purity of both 
the first and subsequent steps of the oligonucleotide 
synthesis were high. 

The following Examples demonstrate several ways of 
15 hybridizing labelled DNA fragments and ol i gon jc 1 eot i des 
to the derivatised beads. 

Example 3 

Hybridisation to glass beads attached to sticks. 

A plastic stick 2cm long was dipped into molten 
2Q polypropylene and then brought into contact with a pile 
of derivatised glass beads and allowed to cool. 
Approximately 100 - 200 beads adhered to the stick. 
This method of holding the beads greatly facilitates 
hybridisation as will be shown in a number of typical 
experiments: 

A Stick with approximately 100 glass beads 
derivatised with the sequence 3' A6G TCG CCG CCC 5' was 
dipped into 30 ul of a solution containing 0.1 M NaCl 
and 80 fmol of the complementary oligonucleotide, 
3Q labelled at the 5' end to an activity of 30.000 cpm. 

After 30 min at 30°C the stick was removed from the 
tube, rinsed and the bound material eluted by dipping 
the stick into O.lM .NaCl at 500c. The amount of oligo- 
nucleotide hybridised was tnen determined by 
scintillation count i nq . 
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Typica.My 4% of the input o 1 i gnuc 1 eot i de could be 
picked up this way; 0.1% were bound nonspec i f i c a 1 1 y and 
could not be remoyed. Thus the binding capacity of a 
single bead is approximately 0.03 fmol oligonucleotide. 
5 Larger proportions of the initial oligonucleotide 

could be picked up by decreasing the temperature and 
increasing the length of the hybridisation. Thus in a 
similar experiment 5.3% was hybridised at 30°C after 55 
minutes with 0.05% bound nonspecif ical ly , and 13% after 

0 

lO 16 hours at 30 C with 0.2% binding nonspec i f i ca lly . 

As a control, noncomp 1 ementary oligonucleotide 
5' GGG CGG CGA CCT 3' showed only 0.2% binding after K 
hours . 

In summary, experiments with derivatised glass 
beads attached to plastic sticks have proved to be very 
easy and shown the high specificity of hybridisation to 
the beads. _ 

Examp 1 e 4 

Batch hybridisation. 

20 ^'^^ amount of radioactive material hybridising to 

the beads could be increased further, and the non- 
specific binding decreased by carrying out hybridisation 
with beads typically 1 mg in 0.5 mi centrifuge tubes. 
After hybridisation the tubes were spun, the supernatant 

25 removed and the beads washed. Washing. at a temperature 

higher than T resulted in complete melting of the 

. m . 

hybrids so that the bound material could be measured by 

Cerenkov counting. In this way we determined the 

dependence of rate of hybridisation and elution on salt 

concentration and temperature as follows: 

To each of 5 tubes as added an approximately equal 

number cf beads and complementary oligonucleotide 

( 30,000 cjr^) in 50 ^1 of 0.1M NaCl. Hy p r i d i s a t i on was. 

carried ou: at 30 C overnight to m^xin-.^- the amount of 

hybrid. Trie- solution was removec: 3n.: beacs wasnea 



30 
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twice witn ice-cold 0.1M NaCl. Eiution was for 
increasingly longer times at a different temperature 
for each tube. After each interval the supernatant was 
removed, the beads were washed twice with ice-cold NaCl 
solution (100 ^1 0.1M), and eluted with prewarmed NaCl 
solution ( 100 jil 0. 1M) . 

Table 2 details thie percentage of bound oligo- 
nuclcctidc sluted in the course of time. There is a 
clear dependence of eiution rate on temperature. For 

0 

example, three times as much material eluted at 55 C 

0 

than at 30 C, within 5 minutes. Not suprisingly, even 

0 

at 30 C which is well below T , there is a non- 

m 

negligible rate. 

In another experiment the concentration of input 
oligonucleotide was varied 50 fold. Hybridisation for 
2 hours at 30 C in 0.1M NaCl, ImM EDTA in 1.5ml 
centrifuge tubes was followed by removal of the super- 

0 

natant. three washes with 0.1M NaCl at 0 C and the 
amount of radioactivity associated with the beads 
_^ determined by Cerenkov counting. There is an almost 
linear relationship between concentrat i on, and amount of 
hybrid (i.?- rate of hybridisation. Table 3), which 
suggests that the hybridisation is a pseudo first order 
reaction. 

T^ie highest concentration of oligonucleotide was 
160 fmol (corresponding to 1 3,000 cmp) in 20 1 . Only 
0.03% bound nonspec if ical ly and could not be eluted. 

Furthermore, only 0.02% non-complementary oligo- 
nucleotide bound to the beads in a similar experiment 
(12 out of 65,000 cpm), a further indication that this 
method of isolating DNA fragments is very specific and 
clean. 



15 



30 
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TABLE 2 



Effect 


of 


temperature 


on el 


ut i on 


rate 


Elution time 


5 ' 


20' 


'jQ' 


lie 


330' 




temperature 


% eluted 








% remaining 


u 

30 C 


23 


38 


54 . 


71 


85 


0 


0 

36 C 


34 


61 


78 


90 


96 


3 


0 

44 C 


42 


54 


67 


87 


97 


2 


0 

65 C 


74 


89 


96 


98 


98 


1.4 



TABLE 3 

Effect of oligonucleotide concentration on 
hybridisation rate 



Relative. concentration 


50 


20 


10 


2 




1 


% hybridised 


23 


14 


5.5 


0 


.8 


0.6 


relative rate 


38 


23 


9 


1 


.5 


1 



Example 5 

2Q Isolation of longer DNA fragments: 

The isolation of longer DNA fragments was 
demonstrated in the following experiments: 
Total X DNA (5 yq in 35 ^1 restriction enzyme buffer) 
was digested with 15 units of the restriction endo- 
nuclease Hinf 1 and the resulting 143 restriction 
fragments dephosphory 1 ated with calf intestinal 
phosphatase (1 unit). After one hour at 37°C 4 of 
EGTA was added, the mixture incubated for another 45 

0 

minutes at 65 C, phenol extracted and ethanol 



precipitated. 

The mixture w^s dissolved in 50 1 kinase- 1 abel 1 ing 
buffer (8 pi 10 x PNK buffer. 1 1 0.1 M^^TT. 4 l PUK 
enzyme. 30 ^1 distilled water. 15 \iC\ - P. ATP), 
incubated for one hour at 37^C. mafle u.r rc lOC ^1 ana 
spun down a Sephadex 625 coluc^n to rt-r.ove ncr- 



r 
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incorporated nucleotides. 

An aliquot of the ballotini glass beads (100 \i:t. , 
Jen cons) was derivatised with the sequence of theright 
cohesive end of bacteriophage lamba, viz. 3' - CCC GCC 
5 GCT 6GA 5', deprotected in ammonia, washed, and a small 
amount put at the bottom of a U-shaped capillary. This 

0 

bottom part was kept at 40 C in a controllable 
temperature block, the upper left and. right arms of the 

0 

capillary were kept at 57 C by jacketing them with a 



10 



1 5 



20 



plastic syringe and pumping hot water through it. Tue 
hybridisation solution was added (75 pi 0.1M NaCl 
containing 10 pmol 5' ends, 33 fmol left X cohesive ends 
complementary to the oligonucleotide on the beads, ti cal 
radioactivity ca. 700,000 cpm). 

A pump was attached to one arm of the capillary and 
the hybr i d i s i ng so 1 ut i on cycled back and forth between 

0 

the parts of the capillary that were kept at 40 C and 

0 

67 C respectively. Hybridisation of the left end to 

0 0 

the beads would occur-at 40 C, and at 57 C the two 
sticky lambda ends that reannealed in solution would be 
denatured . 

After 4 hours the hy b*- i d i sat i on solution was 
removed, the beads washeo extensively, then eluted in 
hot TE. An aliquot of the solution was loaded onto a 
2_ 5i polyacry lamide gel. Autoradiography revealed only 
one band of the correct size in the washes and elution 
lanes. Altogther 1000 cpm (ca. 1.5 fmol) of the left 
end were bound by the beads which corresponded to 51 of 
the theoretical amount. 

In summary, this experiment demonstrates the highly 
specific isolation of a long ONA. fragment from a complex 
mi xture . 

Examp 1 e 6 

Column Ch r oma t og r a pti y . 

Another easy and convenient way tc isolate oligo- 



30 
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nucleotide and to test the hybridisation behaviour of 
the novel support is by column chromatography. 

A glass capillary (diameter 1.0 mm) was drawn out 
at one end so as to yield a very narrow pointed opening. 
5 This was then plugged by filling in crushed glass 

particles from the other end and sintering them in the 
flame of a Bunsen burner so that they adhered to the 
glass. The inside of the capillary was silanised by 
passing through a solution of d i ch 1 orod imethy 1 - s i 1 ane in 

10 trichloroethane and washing with ethanol. Approximately 
40 mg of the glass beads were layered on the glass frit 
and the top of the column connected to a syringe that 
could be driven by an infusion pjmp. In this way 
radioactive hybridisation solution and washing solutions 

15 could be applied to the column at different rates, 
typically in the range cf 3 - 10 jjl/min. 

In a typical experiment. C.2 pmol of labelled 
oligonucleotide (34,0^0 cpm) in 1 ml of a solution of 
0.1M NaCI. O.n SDS in TE pH 7.5 was applied to the 

20 column at a rate of 3 ^jl/min. The jacketed column was 
kept at 35 C. 90 1 fractions were collected in micro- 
centrifuge tubes and the amount of radioactivity 
determined by Cerenkov counting. A 0.1M NaCl washing 
solution was applied in the same way and collected. 

25 Raising the temperature in the jacket allowed us to 
recover the oligonucleotide. 

Thus it was determined that 70% of the oligo- 
nucleotide bound to the glass beads and could be eluted 
at a higher temperature with only O.n of the material 

30 remaining on the support. 

A control experiment with non-complementery oligo- 
nucleotide (mismatch at position 7) showed a remaining 
400 cpm out of 80.000 applied after washing ei 35°C. Ai 
40 C only MO cpm r o.2X remained. 

3= The percentage of accessible oi i gonuc 1 o: : i dc- tnt- 
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support was determined. 



0.13 pmol k i.nase- 1 abel led and 



10 



5 pmol uniabelled o 1 i gonuL I eot i de were applied to 40 Jig 
beads. 10% of the materidl (ca. 500 fmol) hybridised 
to the support tliat contained a total of ca.3 nmol 
oligonucleotide, measured from the detriylation during 
synthes i s . 

From this result we calculate that one in 5000 
oligonucleotides on the support hybridised under 

0 

conditions used (35 C, low salt) where negligible 
Dinding of mismatched oligonucleotides occurs. The 
melting was very sharp again, with most of the oligo- 



nucleotides eluted in two 90 ^1 fractions at 48 C. 

These experiments suggest that the derivatised 
beads will be useful in the chromatographic separation 
of nucleic acids. 



0 
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CLAIMS 

1. A method of making a derivatised support suitable 
for ol igo-nucleotide synthesis, which method comprises 
attaching a nucleoside reagent to a support carrying 
hydroxyl groups by a covalent phosphod i ester link which 
is stable to conditions used for removing protective 
groups from oligonucleotide chains. 

2. A method of preparing an o 1 i gon-jc 1 eot i de bound to 
a support by 

a) attaching a nucleoside reagent to a support, 

b) synthesising on the supported nucleoside an oligo- 
nucleotide chain including protecting groups, and 

c) removing the protecting groups from the cligo- 
nuc 1 eot i de cha i n , 

characterised in that the support carries hydroxy! 
groups, whereby in step a) the nucleoside becomes 
attached to the support -by a covalent phosphodi ester 
link which is stable to the cond i t i on s used in step c). 

3. A method as claimed in claim 1 or c 1 a i n-. 2, wherein 
the support is of porous class or glass beads. 

4. A method as claimed in any one of clair. s i to 3, 
wherein the supportcarries hydroxyalkyl grouci. 

5. A method as claimed in any one of claims.' lo 4, 
wherein the nucleoside reagent is a nucleosice 3'- 
phosphoramidite. 

6. A method as claimed in any. one of clair.: i to I. 
wherein the nucleoside reagent is a nuc 1 eos i ce 3 ' - 
phosph i te . 

7. A method as claimed in any one of claims 1 to 4, 
wherein the nucleoside reagent is a nucleoside 3'- 
phosphonate or 3'- hydrogen phosphonate. 

8. A method as claimed in any one of claims l to 4, 
wherein the nucleoside reagent is a nucleoside 3'- 
methylphosphonamiCite. 

9. A method as claimed in any one of clii-: 2 tc.6. 
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wnerein step c) invcives removing protecting croups 
fro- phosphotri ester croups and from N atoms of the 
nucleotide bases and from the 5'-position on the last 
nucleotide of the chain. 

5 10. A derivatised support suitable for oligonucleotide 
synthesis comprising a nucleoside linked to a support 
by means of a covalent phosphod i ester link of the 
structure -0-PY-0-, where Y is a protected or 
unprotecteo oxygen atom. 

Q 11. A derivatised support as claimed in claim 10, 

wherein the support is of porous glass or glass beads. 

12. A support-Dound oligonucleotide wherein the 

oligonucleotide is bound to the support through a 

terminal phosphate group by a covalent phosphod iester 

- link of the structure -0-PO -0-(C H )- 

2 n 2n 

where n is > 3. 

13. A support-bound oligonucleotide as claimed in 
claim 12, wherein the support is of porous glass or 
glass beads . 



30 




INTERNATIONAL 


SEARCH REPORT 

ln>.,„.„on., Aoo..c...en PCT/GB 89/01 IK, 




1. CLASSIFICATION Of SUBJICT MATTtH 1 ,.. 






Accc.c.Ag 19 iniainii.onai Pittni CH»«ific«lion IIPC) or 10 Bom N«l 

IPCS: C 07 H 21/00 // C 12 Q 1/68 


on«i CU*iii<csl>on ano iPC 




II rilLOS SIAMCHIO 


Minimum Oocum«niatlon S«*rcn«0 ' 


CUitificsliOn Cl«m t 


ClAkttficaiion Sr^^Doit 




IPCS : C 07 H; C 12 Q 


Oocwm«nt«llon S««rcN«^ otl^t in«n Minimum Oocumontatlon 
to tlx f iloni ih«t tvKh Oocum*nl« ar* Inciudod In ino f Mitf* s«*'cn«a • 




III. OOCUMIMTS CONSIDiniO TO RILIVANT* 


Caiooo'T * 1 Citation el Oocumoni. " «nn indication, whara aporeoiata. ol lha raiaaani paaaagit " | nala<ant to Claim No. 




X . WO, Al, 85/01051 (MOLECULAR BIOSYSTEMS, INC.) 1-13 
14 March 1985, see page 12, line 7 - 
line 27; page 16; abstract; 
figures 1-7 




A EP. Al, 0261283 (APPLIED BIOSYSTEMS. INC.) 1-13 
30 March 1988. 
see the whole document 




A EP. Al, 0241363 (COMMISSARIAT A L'ENERGIE 1-13 
ATOMIQUE) 14 October 1987, 
see the whole document 

i ■ . 1 ■ 




* 3pac*«l cala^anaa mt cnad aocwm#nta' *t 

*o»«maiM daAMnf tKa ta<va>al aiala al ina an «nKH it not 
conaida«*« la ba el aanicwiar raiavanca 

-f aartiw asciMMM kiM auWiana* en er ana< ixa iniafnalienal 
riltA^ aaia 

■I." decumaiM m>M» mar ihto- aoukit on •oa/ni c aimm e> 
«n.en it ciiad to aaiaektn ina ouahcai.en atla ol anotna' 
ciuuen •< e«na> tpeciai >aaaan laa taaciAadI 

■0- de<umaM ratamn* la an a'ai diaciaauia. uaa. •in.amon a< 
etna* meant 

decvmani euMiahad a»o< le ine •niamat>a«al «l.na atla kxt 
wa< man ina •<witT aaia ciaimea 


Inv 

in«o*v« an iAv»Ai*»a aiaa 

canAof a« c»na»«»«*« la tA*#**a an iM»»M>«a aia» i^a 

•0<wm«AI la C»m»*A«« wtlft •« m*ra Mf^f awCK ••Cy 

m«Mia. awcA ceMft»t«k«it*M a»«nf ••v>*wa la a M'**** 
in ma an. 

*4* <»€ww^M.*waw>fcar •! !*>• »am« »«t»Ai ia«Miy 


IV. ciMTtricATion 


□ •la el iKa Actual CameM>en el in« iniaxiauenai 

7th December 1989 


? 2. 01. 90 


EUROPEAN PATENT OFFICE 


7/1 .Of ■ L p---, 



Farm ^CT/l&ADio aKMtl (ja^*«> iMI) 



.,.on.. *c.o..c.t.o-> HO. pcj/q:] £9/c::14 



OOCUI«H"T» CONBIDIRIO TO ■( UlLtVAWT (COHTIWUtO f BOX TM« atCOMO •MltT) 



A • EP. M, 0090789 (MONSANTO COMPANY) 1-13 
5 October 1983, 
see the whole document 



i DE. Al. 3446635 (CALIFORNIA INSTITUTE OF | 1-13 

i TECHNOLOGY) 27 June 1985. 
see the whole document 



A.N'NtX TO THE INTFRN ATION AL SE \RC H REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. PCT/G3 39/^1114 



SA 



31382 



Tlik >ni>ri )»n» Ikr pdml l>mil> mrmhrrt rrtxiitt l« Ihr fnirol <»ciimrni< r>l^it m Ihr r mrnt i"twH <nlrrf<>lixn>l »r«r<-h rrr-ic 

IV i«K<ii»rr« mrr i< rtnliinr(< in ihr Fiiripon I'»irnf (IfTicr I IIP r>k »n 08/11/89 

TV- ti>r»|>fan i>*trnl Offirp k <fi us asi hahir l«r Itx^r |>.-itliriil»r« »hi<-h ntr mr»rt> tiir" l"r Ihr (xirpxcr "I !nli>rm»linn 



ciif< Ml <r>rrh rr^f ri 






riihlimtinn 1 

d.ll- 1 

1 


wo- 


■Al- 85/01051 


14/03/85 


AU-D- 


33196/84 


29/03/85 








EP-A- 


0155950 


02/10/85 








JP-T- 


60502155 


12/12/85 








AU-A- 


575586 


04/00/88 


EP- 


-Al- 0261283 


30/03/88 


WO-A- 


88/02004 


24/03/88 


EP- 


-Al- 0241363 


14/10/87 


FR-A-B- 


2596761 


09/10/87 








JP-A- 


6^294692 


22/12/87 



EP- 


-Al- 0090789 


05/10/83 


JP-A- 


58180500 


21/10/83 
_ 


DE 


-Al- 3-^46635 


27/C6/85 


SE-A- 
FR-A-B-. 
GB-A-B- 
- JP-A- 
CA-A- 
US-A- 


8406484 
2556726 
2153356 
60197698 
1244786 
4849513 


21/06/85 
21/06/85 
21/08/85 
07/10/85 
15/11/88 
18/07/89 



c 



trr (IfTirill IniirBnl «l (hp I iir nprun I'.^lrnl Offirr. Nn l2/«! 



I. CLASSIFICATIoi^ ^ ^ SUBJECT MATTER (if ssveral claitifieaiion UBbott apply, indicate all) 



INTERNATIONAL SEARCH REPORT 

lntarnati^~.al^^plicecion No. PCTAJS9V08693 



Si 



According to IntoriMtional Patent Oaaaifieation (IPC) or to both National Claaaifieaiion and IPC 

IPC (S) : Plaase See Attached Sheet. 
US CL : Please See Attached Sheet. 



II. FIELDS SEAWCHED 



Minimum Oocumantation Searched* 



aaetificBtion Syatatn 



Claiaidcation Symbols 



435/7.92, 7.94, 7.95. 961, 968, 973, 307; 536/26; 562/441; 
436/518, 527, 807; 525/54.1, 54.11; 422/116, 131; 530/333, 
334, 335, 336, 337; 935/88 



Documentation Searched other than Minimum Documentation 
to the extant that such Doeumenta are included in the Fielda Searched' 



AUTOMATED PATENT SYSTEM (APS) ; CHEMICAL ABSTRACTS 



III. DOCUMENTS CONSIDERED TO BE RELEVANT '* 



Category' 



X,P/Y 



X/Y 



X,P/Y 



X.P/Y 



Citaton of Document." with iridication. where apprephate. of the reieyant paaaaqea' 



WO, A, 90/15070 (Pirrung ec al) 13 December 1990. See 
abscracc; page 4, line 16 -page 6, line 35; page 16, 
line 22-page 17, line 19; page 23, lines 1-28; page 24, 
lines 9-26; page 26, Table I; page 35, lines 19-35; 
page 41, lines 5-31; claims 1-46. 

D. McGillis, "Lithography", in VLSI TECHNOLOGY, 
published 1983 by McGraw-Hill Boole Company (New York) , 
pages 267-301. See pages 267-274. 

SCIENCE, vol. 251, issued 15 February 1991, S. Fodor et 
al., "Light -Directed, Spatially Addressable Parallel 
Chemical Synthesis", pages 767-773. See entire 
document . 



CHEMICAL ABSTRACTS, vol. 114, no. 15, issued 15 April 
1991 (Columbus, Ohio, USA), S. Robertson et al., "A 
general and efficient route for chemical aminoacylation 
of transfer RNAs", see page 839, cols. 1-2, the 
abstract no. I43954x, J. Am. chem. Soc. 1991, 113(7), 
2722-9 (Eng) . See entire abstract. 



* Special cotagonaa of cited documents: > b 

"A" document defining the getwrat state of the art which is 

not considered to be ot particular relevance 
*E' earlier document but published on or after the 

intemationel filing date 
"L" document which may throw doubts on pnoiitv claim(s) 

or wNch is cited to establish the pubiicatian data of 

another citation or other apedoi reeson (as spedfiedl 
'O* document referring to an oral disclosure, use, exhibition 

or other means 



Relevent to Claim No. " 



1-23,26,28- 
37,42-45/24- 
2 5,2 7,3 8 - 
41,46-56 



3-6,8,9,11,12- 
16/1- 
2,7, 10, 17-27 

3-10,12,14- 
2 2,2 6,2 8 - 
37, 4 2-47/1- 
2,11,13,23- 
2 5,2 7,3 8 - 
41, 46-56 

28-29,31-37/30 



•P* 



document published prior to the tntamational filing date 
but later than the priority data claimed . 



IV. CERTIFICATION 



'T* later document published after the internetionel filing 
date or phority date and not in conflict with the 
application but cited to understand the principle or 
theory underlying the invention 

*X* document of particular relevance; the claimed 
invention cennot be considered novel or cannot be 
considered to involve an inventive step 

*Y* document of particular relevance; the claimed 
invention cannot be considered to involve an 
inventive step when the document is combined with 
one or more other such documents, such combination 
being obvious to e person skilled in the ert 

'&' document member of the samepetent family 



Date of the Actual Completion of the Internetional Search^ 

14 MARCH 1991 



International Searching Authority ' 

ISA/US 



Data of Mailing of this International Search Report ^ 



S1 MAR 1992 



Signeture of Authorized Officer 
Carol A. Spiegel 



Form PCT/ISA/210 (second sheetUMay 1986) & 




mw 



lU. 00CUMPIT8 COWMOBttP TO BE HEIEVAWT (CONTINUED PHOM THE SECOND 8HEED 



C«t«gofv* 


Citation of OoeunMnt." with indication, wharo appropriata. of tha ralavant paaaagaa " 


Ralavant to aaim No. " 


X 


CHEMICAL ABSTRACTS, vol. 112, no. 11, issued 12 March 
1990 (Columbus, Ohio, USA), C. Shin ec al., 
"Dehydrooligopepcides . XI. Facile synchesis of various 
Icinds of dehydrodi- and cripepcides, and 
dehydroenlcephalins concaining Tyr residue by using N- 
carboxydehydrocyrosine anhydride", see page 818, col. 
2. rhR abstiracc no. 992070. Bull. Chem. Soc. Jon. 1989. 
62(4), 1127-35 (Eng) > See encire abscracc. 


50 


-56 








WO, A, 91/07087 (Barrecc ec aij , jO nay issi. see 
abscracc; page 3, line 20-page 4, line 14; page 6, 
lines 16-25; page 10, line 1-page 12, line 11; page 13, 
lines 32-33; page 24, lines 11-23; page 26, lines 1-16; 
Table 3; page 31, lines 20-28; page 35, lines 3-30. 


46-49/1- 
45,50-56 


37, 


42- 


Y 


US, A, 4,517,338 (Urdea ec al) 14 May 1985. See 
abscracc; col. 3, lines 1-17 and col. 14, line 52 -col. 
15, line 3. 


1- 


3 






Y 


PROCEEDINGS OF THE INDIAN NATIONAL SCIENCE ACADEMY, 
vol. 53, no. 6, issued 1987, V.K. Haridasan ec al, 
"Pepcide Synthesis Using Phocolycically Cleavalable 2- 
Nicro-benzyloxycarbonyl protecting group", pages 717- 
728. See abstract; introduction, c'pd {±) ; and page 
727, lines 17-34. 


3- 
49 


21,28- 


37 


42- 


Y 


WO, A, 84/03564 (Geysen et al) 13 September 1984. See 
page 12, line 12 -page 3, line 3; page 5, line 23-page 
8, line 25; page 11, line 26 -page 12, line 20. 


3- 


27 






Y 


US, A, 4,562,157 (Lowe et al) 31 December 1985. See 
col. 3, line 3 -col. 4, line 15; and col. 9, lines 18- 

22 . 


3- 


27 






Y 


WO, A, 90/04652 (Macevicz) 33 May 1990. See page 5, 
line i/-page o, line y; page ?, lines i^-Js; page is, 
line 19 -page 20, line 28; Figure 1. 


3 • 
7, 


-4,9- 
22,26- 


13 , 
27 


15 - 


V 

I 


U5 , A, 4, /b^,eei (KAuer; August isoe. see coi. i, 
line l-col. 3, line 52. 


3- 


22 






A 


EP, A, 0,228,310 (Shemngcon ec al) 26 Occober 1988. 
See entire document. 


1- 


27 






A 


US, A, 3,849,137 (Barzynslci ec al) 19 November 1974. 
See encire document. 


1- 


56 






A 


US, A, 4.631,211 (Houghten) 23 December 1986. See 
entire document . 


1- 


-27 






A 


APPLIED PHYSICS LETTERS, vol. 31, no. 7, issued 01 
October 1977, D. Flanders et al., "A new 
interf erometric alignment technique", pages 426-429. 
See encire documenc. 


1 


-25 







Form PCT/ISA/210 (axtra ■ttoatMMay 1986) a 



Iniarnationr! Application No. PCTAJS9 1/08693 



FURTHER INFORNWnON CONTINUED FROM THE SECOND SHEET 



X,P/Y 



CHEMICAL ABSTRACTS, vol. 114, no. 23, issued 10 June 
1991 (Columbus, Ohio USA), M. Iwamura et al, "1-x- 
Diazobenzyl) pyrene: a reagent for phocloabile and 
fluorescent protection of carboxyl groups of amino 
acids and peptides"', see page 827, col. l, the abstract 
no. 229349r, Svnlett 1991. (l), 35-6 (Eng) . See entire 
abstract . 

JOURNAL OF THE AMERICAN SOCIETY, vol. 92, no. 21, 
issued 21 October 1970, A. Patchornik et al.. 
"Photosensitive Protecting Groups", pages 6333-6335. 
See page 6334, Scheme I. 



V. □ OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE' 



38-40/41 



42-45 



TN« imamnional uareti rapon hu not baan anabliinad in ratpact of caitain ciaifna undar Anida 17(2) (al for tha followino 
1 . Q Claim numbart bacausa thay ralata to lubjact manar (1| not raqutrad to ba taarehad by thii Authonty. namaly: 



2. Q Qiiin nrrtMn Pacauaa 



thay ratata to paita of tha intamationii 
to lucfi an axtam that no maaningfxi 



that do not eompiy with tha 
aaareh can ba caniad out 111. 



3. Q Claim nun^ara bacauaa thay are 
of PCT RUa 0.4(a). 



dapandani daima not drift ad In aceonJanca with tha aaeond and third aan t ancaa 



VI. □ 0B8ERVATI0N8 WHERE UNITY OF INVENTION IS LACKINQ^ 



Thia bnamatienal Saarching Authortty found muiUplo invemnna in thia intamatienal applieation ai fottewa: 



1. n At all raquirad additions laarch faaa ware timaly paid by tha applicant, thia intamational aaareh report covare all aavchaWa 

daana of tha itvamaaonai application. 

2. Q Al only aoma of tha required additional laareh faaa ware timaly paid by tha applicant, thia intamational laareh repoit eowi 

only thoM daima of tha iraamational applicaiion for which faaa ware paid, ipaafically daimi: 



3. Q No requrad additionii laaich faaa ware timaly paid by tha applicant. Conaaquantly, thia intamatiorMi laarch report ii 
reatrictad to tha inyantion firit mant i oned in tha damt; it ii covarad by daim nanbare: 



4. Q Al all laarchabla daima could ba laaretwd without aHon lustifying on additional faa, tha Intamational Saweh Authority did 
not invita paymant of my additional faa. 

Ramarfc on protait 



n Tha additional laareh faaa wara accompaniad by appUcant'i protait. 
Q No protaat accompaniad tha paymant of additional laarch faaa. 



Fomi PCT/1SA/210 Isupplemamal theat(2)IIRav. 4-90) a 



y International Application t .'CTAiSSI/OSeSS 

FURTHER INFORMAT?^ CONTINUED FROM PREVIOUS SHEETS 



I. CLASSIFICATION OF SUBJECT MATTER: 
IPC (S) : 

AOIN 1/02; C12Q 1/00; COIN 33/566. 33/543; BOIJ 19/00; C07D 471/02, 235/00, 473/00, 
235/30; C07K 1/04, 17/06, 17/14 

I. CLASSIFICATION OF SUBJECT MATTER: 
US CL .: 

435/7.92, 7.94, 7.95, 961, 968, 973, 307; 536/26; 562/441; 436/518, 527, 807; 
525/54.1, 54.11; 422/116, 131; 530/333, 334, 335, 336, 337; 935/88 



Form PCT/ISA/210 (eominuaaon thaet (IXOet 1991)) B 



